Introduction
Deoxyribonucleic acid (DNA) is a bio micro molecule and plays an important role in genetic information storage and biological synthesis of proteins [1] . It is a linear polymer synthesized by nucleotide units. The nitrogenous bases Purines [adenine (A) and guanine (G)] and Pyrimidines [Cytosine (C), Uracil (U)and Thymine (T)] are essential building blocks of RNA and DNA. They are considered as key to DNA's stability, replication and capacity for information storage. They also participate in various processes in living organism such as energy transduction, metabolic cofactors and cell signaling [2] . A variation in the concentration of pyrimidines and purines in the organism may be caused by certain diseases such as Parkinson's, epilepsy, prostatitis, childhood and breast cancers [3] . Therefore it is significant to analyze the concentration of T, A, C and G in DNA for clinical pathology [4] . This has attracted the attention of analytical chemists to develop methods to detect and determine these bases of DNA for understanding the mechanism of replication and damage process in the DNA structure.
Several analytical methods have been developed for the determination of DNA bases including electro-analytical [1] [2] [3] [4] [5] , spectrophotometry [6] , mass spectrometry [7] , high performance liquid chromatography [8, 9, 33] , capillary electrophoresis [10] , gas chromatography [11] [12] [13] [14] and gas chromatography-Mass doi: 10.21743/pjaec/2016.06.008 spectrometry [32] . For the simultaneous determination of pyrimidines and purines, HPLC is more frequently used, but capillary GC is free from use of expensive solvents and their disposal.
GC analysis of purines and pyrimidines is completed, however they are not volatile enough and stable thermally to elute out from the column of GC. The derivataization with suitable reagent is carried out prior to GC analysis. The reagents such as bis(trimethylsilyl) trifluoro-acetamide [12] [13] [14] [15] , pentafluorobenzoyl chloride, pentafluorophenylsulfonyl chloride or heptafluorobutyric anhydride [16] , N,N-tert-butyl-dimethylsilyltrifluoroacetamide [13] and N-(tertbutyldimethylsilyl) N-methyl trifluoroacetamide [14] are used. The derivatization with different silyl reagents though effective, but requires nonaqueous medium for derivatization. Simple and inexpensive reagent which could be used in aqueous phase may be valuable in GC determination of purines and pyrimidines. Ethyl chloroformate has been used as derivatizing reagent in aqueous-organic phase for the GC determinations of amines and amino acids [17] . Husek has reported the applications of chloroformates as reagents for general purpose in GC [18] , Simek and Husek have reported the applications of alkyl chloroformates as esterifing reagents [19] . Gas Chromatographic analysis of a number of amino compounds has been carried out using chloroformates [20] .
The present work suggests the applications of ethyl chloroformate as reagent for derivatizing the GC analysis of G, A, C, T and U, after acid hydrolysis of isolated DNA. The optimization of the derivatization conditions, limits of quantitation and detection, reproducibility of separation and quantitation are reported.
Experimental

Solutions and materials
The compounds thymine (T), adenine (A), uracil(U), cytosine (C)guanine (G) 99% purity were purchased from sigma Chemicals Co. St. Louis, USA, ethyl chloroformate (ECF) (Fluka, Buchs, Switzerland), methanol (> 99% purity) (Rdh Chemicals Co. Spring Valley, CA) chloroform, acetonitrile (Fluka, Buchs, Switzerland) and pyridine (E-Merck, Darmstadt, Germany) were used.
Guaranteed reagents grade hydrochloric acid (37%), perchloric acid (70%), acetic acid, potassium chloride, ammonium acetate, sodium acetate, sodium tetraborate, boric acid, sodium carbonate, sodium bicarbonate, ammonia solution and ammonium chloride were from E-Merck, Dramstadt, Germany.
Stock solution of G, A, C, T and U containing 1 mmol/L were prepared in watermethanol. Further solutions were prepared by appropriate dilution. Buffer solution (0.1 M) between pH 1-12 at unit interval were prepared from the following: potassium chloride adjusted pH with hydrochloric acid (pH 1-2), sodium acetate-acetic acid (pH 3-6), ammonium acetate (pH 7), sodium tetraborate-boric acid (pH 7.5-8.5), sodium carbonate-sodium bicarbonate (pH 9), ammonia-ammonium chloride (pH 10) and potassium hydroxide-potassium chloride (pH [11] [12] .
Collection of samples
The samples of blood were collected by vein puncture in EDTA tubes with verbal permission at Laboratory of Molecular biology, Liaquat University of Medicine and Health Sciences (LUMHS), Jamshoro for PCR analysis. A part from extracted DNA at Molecular laboratory LUMHS was obtained with permission and was used after acid hydrolysis for the determination of G, A, C and T contents. Similarly rice, cotton and jasmine leaves were collected and extraction of DNA was carried out at Nuclear Institute of Agriculture (NIA) Laboratory, Tando jam, Atomic energy commission of Pakistan. The extracted DNA was analyzed immediately as received.
Equipment
The measurements of pH were performed by an Orion 420A pH meter (Orion Research Inc., Boston, USA) with glass electrode combined along with internal reference electrode. GC analysis was carried out on an Agilent model 6890 network GC system, connected with split injector and flame ionization detector (FID), pure nitrogen (British oxygen company (BOC), Karachi, Pakistan) and hydrogen generator (Parker Balston, Analytical Gas System, H 2 -90, Parker Hannifin Haverhill, USA) and computer with software of Chemstation controlled the GC. Capillary column HP-5 (30 m × 0.32 mm id) with film thickness 0.25 µm (J&W Scientific GC column, Wilmington NC (USA) was used during entire study.
GC-FID procedure
Acetonitrile-water-methanol-pyridine (40: 40:10:10 v/v/v/v) (0.5 mL), sodium carbonate buffer solution (pH 9) (0.5 mL) and ethyl chloroformate (ECF) (0.5 mL) were mixed with the solution (0.2-1.0 mL) containing G, A, C, T and U (0.5-50 µmol/L). The solution was kept in an ultrasonic bath for 15 min at room temperature (30°C) after which chloroform (0.5 mL) was mixed in the solution mixture. The contents were shacked well and the two layers were allowed to separate from one another. A part from extracted mixture (0.5 mL from 1 mL) was pipette and then transferred to screw capped vial and 1 µL was injected in to GC. The split ratio was set at 10:1 and carrier gas nitrogen was used having flow rate of 1.5 mL/min. The column oven temperature was programmed from 90°C (held for 1 min) to 250°C at 25°C/min, then held for 1 min, the temperatures of detector and injector were 280°C and 270°C respectively. The flow rates for FID were fixed for nitrogen as make up gas 45 mL/min, hydrogen 40 ml/min and air 450 mL/min.
Isolation of DNA from blood samples
The DNA isolation from human blood samples was performed as reported [21] , following inorganic method [22] . Cooled 5 mL of blood at -20ᵒC was thawed and added tris EDTA buffer (15 mL), mixed and centrifuged. Supernatant was discarded and the buffer was again added and process repeated till pellets became light pink. The pellets were re-suspended in a buffer and treated with SDS and proteinase K overnight. Completely digested pellets were cooled and added sodium chloride solution. The mixture was cooled and centrifuged at 3000 g to pellet down the salts and protein. The supernatant was collected and centrifuged again at 3000 g. The Supernatant was added equal volume of isopropanol to precipitate DNA. The contents were centrifuged and supernatant was discarded. The DNA pellet was washed with 70% ethanol and air dried at 37°C. The precipitate was dissolved in Tris HCl-EDTA buffer at 37°C by placing in shaking incubator overnight. The DNA was inactivated by placing in shaking water bath at 70°C. The final volume 1.0 mL was placed in screw capped vial at -20°C.
Extraction of DNA from plant tissue
The slightly modified method was applied for DNA extraction from tissues of plant samples as reported [23] . The 5g of cotton, rice and jasmine leaves were collected, cleaned, washed and were ground by adding 5 mL of cetyltrimethyl ammonium bromide (CTAB) buffer in ice machine for 20-30 min and then left to attain room temperature. The 5 mL of isoamyl alcoholchloroform (1:24) was added in mixture and shacked well. The mixture contents were centrifuged at 4000 g for 30 min. The supernatant was collected and treated again with 5 mL of isoamyl alcohol-chloroform (1:24). The 5 mL of 2-propanol was added in to collected aqueous layer and finally at the bottom of the tube off white threads were appeared which were centrifuged 1000 g for 5 min. The residue was dissolved in 1 mL Tris-EDTA (T.E) buffer.
Acid hydrolysis of DNA
The sample of DNA was prepared (0.1 mL) by adding perchloric acid (1 mL) in screw capped tube and heated at 95-100°C in water bath for 1 hr. Sodium hydroxide (2 M) was used to adjust the pH of the solution to 7 and solution was filtered. The solution (0.2-0.5 mL) was treated as GC-FID procedure. The quantitation of G, C, A and T was made from external calibration curve prepared from linear regression equation y = mx+ b.
Analysis of G, A, C and T from acid hydrolyzed DNA using linear calibration curve with spiked samples
The acid hydrolyzed DNA (0.5 mL) was taken in duplicate. A portion was processed as GC-FID procedure and the other was added to the solution of G, C, A, T (0.5 mL) containing 1 µmol/L each and GC-FID procedure was again followed. The quantitation was carried out from external calibration curves and from the increase in response with added standards.
Results and Discussion
The reaction of ECF towards purines and pyrimidines; G, A, C, T and U was examined to form their derivatives and their elution from GC column was investigated reaction is shown in (Fig. 1) . Effects of pH, reaction medium and time and solvent extraction of the derivatives were optimized. Each time GC-FID response (peak area/peak height) for each compound was checked. The experimental results that showed maximum response (peak height/peak area) were considered optimum. The effect of pH was examined between 1-12 at unit interval and quantitative and reproducible reaction was observed with maximum peak area/peak height in alkaline medium with bicarbonate buffer having pH 9. Husek et al also reported favourable reaction of amino acids with ECF at pH 9 [17] . Husek proposed acetonitrilewater-methanol-pyridine (40:40:10:10 v/v/v/v) as reaction media for the derivatization of amines and amino alcohols. In the present work the solvent system suggested by Husek [17] and methanol, actronitrile, aqueous acetronitrile, aqueous methanol and an aqueous pyridine solution were examined as reaction media. The solvent system proposed by Husek proved optimum for the derivatization reaction for reproducible and quantitative response, and was used. The reaction mixture was sonicated at room temperature (30°C) for 5-20 min at an interval of 5 min. A maximum response was obtained for the sonication time of 15 min and above and 15 min was selected. The addition of ECF was varied from 0.1-0.6 mL at an interval of 0.1 mL and it was noted that the addition of ECF was not critical as long excess was available in reaction medium. The addition of 0.5 mL was selected for derivatization and synergetic extraction. The effect of addition of variable volumes of the carbonate buffer pH 9 was varied from 0.2-1.0 mL at an interval of 0.2 mL. The effect of addition of variable volumes of buffer solution was not significant and the addition of 0.5 mL was selected. The solvents such as tertiary butanol, chloroform, ethyl acetate and 1,2-dichloroethane were studied for the derivatives extraction. The solvents 1,2-dichloroethane and Chloroform showed better extraction efficiency, but chloroform was chosen as extraction solvent as suggested earlier [17] . A solution of each derivative was separately analyzed, and each of the derivative eluted as a single peak and separated from the derivatizing reagent. GC response after derivatization was examined after different time intervals and no change in response (average peak height/peak area, (n=4) was observed for the purines and pyrimidines investigated up to 18 h. GC separation of G, A, C, T and U was examined from GC column HP-5 (30 m × 0.32 mm id) using different temperature programs and nitrogen flow rates. The initial column temperature was adjusted at 80-120°C for 1-2 min, followed by heating rate 10-25°C flow rate of nitrogen was 1-2 mL/min. Complete resolution between two adjacent peaks was observed with resolution factor (Rs > 1.5) using temperature elution program with initial temperature 90°C for 1 min, followed by ramping at 25°C up to 250°C, then hold time for 1 min, and nitrogen flow rate was 1.5 mL/min. Total run time was 10 min. (Fig. 2a and b) .
The order of elution of the compounds was T, U, C, A and G with capacity factor (k') 1.37, 1.66, 2.04, 2.45 and 2.87 respectively. Repeatability of the separation was studied with regard to peak height and retention time (n=5) and RSDs were obtained in the range of 4.70% and 6.43% respectively. Gelifkens et al reported the separation of U, T, C, A and G as trimethylsilyl derivatives from 12 m SE 30 fused silica column within 20 min [24] . Glavin et al separated 7 nucleobase standards; U, T, C, hypoxanthine (HX), A, xanthine (X) and G as N,N-tert-butyldimethylsilyl-trifluoroacetamide from 15 m × 0.25 mm id, 5% diphenyl, 95% dimethylpolysiloxane column with the Helium flow rate 1.3 ml/min within 30 min [13] . The present work report separation of 5 nucleobases within 8.5 min. Linearty of calibration curves for the five DNA nucleobases checked by recording mean peak area/peak height against concentration was obtained in the range of 0.5-50 µmol/L with coefficient of determination (r²) within 0.990-0.993. LODs were calculated as signal to noise ratio (3:1) within 0.10-0.17 µmol/L. Limits of quantitation (LOQs) measured as signal to noise ratio (10:1) were within 0.30-0.51 µmol/L. Coefficient of determination and Calibration ranges are given in (Table 1) . Repeatability of separation, derivatization and quantitation was studied in intra (n=5) and inter (n=5) day variation by the same operator in terms of retention time and peak height/peak area. RSDs were obtained within 4.70% and 6.43% respectively. Five test solutions of the nucleobase G, A, T, C and U were determined within the range of calibration and relative error was obtained within 2.6-5.2%.
The existence of glucose, ascorbic acid, methyl parabin, gum acacia, Na, K, Ca, Mg, Cl, CO 3 , SO 4 , NO 3 did not affect the determination atleast twice the concentration of nucleobases G, A, C, T and U.
Analysis of samples
In order to access the possible analytical applications of the developed procedure, the simultaneous analysis of A, G, T, C and U in the acid hydrolyzed DNA of human blood and plants were performed. The fresh calibration curves were prepared for simultaneous determination from the standards and the values of nucleobases in samples were determined by direct interpolation in the linear regression equation. The obtained results are briefed in (Table 2) and typical chromatogram is shown in Fig 2b. T, C, A and G were determined from both human blood and plants leaves DNA samples, but U was detected below LOD. 
Comparison of the obtained results with reported values
The results for Cytosine (C) agreed with that of Xia et al [25] and also for Cytosine (C), Thymine (T) and Adenine (A) with Xia et al [26] for samples of human plasma. Our results for plants DNA nucleobases also satisfied with the reported values by Zhao et al [27] . The developed GC procedure was also compared with reported procedures in terms of analysis time, calibration range, applications and LOD (Table 3) .
Our proposed procedure compares favorable with the reported methods [27] [28] [29] [30] [31] in terms of broader calibration range and shorter analysis time for all the compounds detected. The present method is less sensitive than GC-MS-MS [28] and is ESI-MS [30] , but GC-MS-MS and ESI-MS are not available at many of the working laboratories. However, the present method is based on GC-FID, for which the equipment is ordinary available in most of the laboratories. 
Conclusion
A GC-FID procedure has been proposed for the detection of T, A, C, G and U from aqueous media using ECF as derivatizing reagent with short GC separation time (10 min). The proposed analytical procedure is applicable for the determination of DNA nucleobases after acid hydrolysis of DNA of human blood and plants.
